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[TITLE] Probe for measuring electrical properties 

[ABSTRACT] 
[CONSTITUTION] 

A cantilever structure 15 is made from at least one of single crystal silicon, silicon oxide, 
nitride silicon, polysilicon or metal layer. A conductive metal film 14 is formed on the 
surface of the cantilever structure 15. Furthermore, the cantilever structure 15 is held by 
an insulation substrate 18 on which a conductive wiring pattern 19 is formed, thereby 
serving as a probe for measuring electrical properties. 

[EFFECTS] 

In the present invention, probes for measuring electrical properties are manufactured by 
such processes including photolithography and thin-film formation. Thus, the probes have 
contactors arrayed in a fine pitch. The contactors have excellent positional accuracy, 
planarity and high mechanical strength. Consequently, the durability and reliability of 
measurement can be enhanced. 

[CLAIMS] 

What is claimed is: 

1. A probe for measuring electrical properties, the probe comprising a cantilever 
made from at least one of single crystal silicon, silicon oxide, nitride silicon, polysilicon or 



1 



metal layer, 

wherein the probe is placed in electrical contact with terminals for measuring an 
electronic component by means of the cantilever. 

2. The probe for measuring electrical properties of claim 1, wherein a portion of the 
probe, which is placed in electrical contact with the terminals for measuring of the 
electronic component, is in a shape of a pyramid. 

3. The probe for measuring electrical properties of claim 1 or 2, further comprising 
a metal film formed on the cantilever. 

4. The probe for measuring electrical properties of claim 1 or 2, wherein the 
cantilever and the pyramidal portion are manufactured via an etching process. 

5. A probe for measuring electrical properties, the probe comprising: 

a conductive cantilever made from at least one of single crystal silicon, silicon 
oxide, nitride silicon, polysilicon or metal layer, the cantilever being provided as terminals 
for measuring an electronic component, and 

an insulation substrate where the cantilever is held, 

wherein the conductive cantilever and input/output terminals of a measuring 
apparatus are connected via a wiring pattern formed on the insulation substrate. 

6. The probe for measuring electrical properties of claim 5, wherein the insulation 
substrate is made from borosilicate based glass and is integrally bonded with the cantilever 
via an anodic bonding. 

7. The probe for measuring electrical properties of claim 1 or 5, wherein the 
electronic component is a semiconductor integrated circuit. 

[DETAILED DESCRIPTION OF THE INVENTION] 

[FIELD OF THE INVENTION] 
[0001] The present invention relates to a probe for measuring electrical properties which 
is used in process of testing electronic devices such as semiconductor integrated circuits in 
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a wafer or chip state. 

[BACKGROUND OF THE INVENTION] 
[0002] A process of manufacturing semiconductor integrated circuits (i.e., IC) can be 
broadly divided into two processes, namely, a front-end process and a back-end process. 
The front-end process is directed to fabricating each element on a silicon wafer and 
completing integrated circuits. The back-end process involves dividing the wafer, which 
has gone through the front-end process, to individual chips by dicing, die attaching each 
chips to lead frames, connecting each terminal formed on the chips by wire bonding and 
completing packaging by molding. 

[0003] When the front-end process is finished, static and dynamic electrical properties of 
integrated circuit in a wafer state are tested. This is to determine whether each chip is 
defective or not. 

[0004] In such testing for electrical properties, a probe comprising a plurality of metallic 
needle-like contact terminals is used as a means for conducting temporal electrical 
connections between semiconductor integrated circuits on the chips and external circuits 
such as the source of signals or measuring system. 

[0005] The structure of such probe is shown in Fig. 3. As shown in Fig. 3(a), a through 
hole 32, which is 30mm in diameter, is located on the central portion of a printed wiring 
substrate 31. Also, a plurality of contactors 33, which have needle-like tips made from 
tungsten or palladium, are fixed on the upper surface of the printed wiring substrate 31. 
As shown in Fig. 3(b), the tips of contactors 33 are bent to protrude through the through 
hole 32 and to extend downward of the bottom surface of the print wiring circuit 31. Each 
tip of the contactors 33 corresponds to bond pads formed on the chips of semiconductor 
integrated circuits. A required number of tips are arranged in hundreds of micron pitches 
above the four sides of IC chips. 

[0006] Measurement of electrical properties is conducted by aligning a chip of a wafer 
state integrated circuit inwardly into the through hole 32, making pressure contacts between 
the tips of contactors 33 and each pads formed on the peripheral portions of the chip, and 
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supplying test signal or voltage via the print wiring substrate to measure properties. 

[PROBLEMS ADDRESSED BY THE INVENTION] 
[0007] However, in the prior arts discussed above, the contactors 33 are made from metal 
such as tungsten. The wire-typed contactors 33 having a length of several centimeters are 
aligned in about 200 micron pitches. Therefore, it was difficult to secure positional 
accuracy in relation to the pads on the integrated circuit chips to be measured. 
Furthermore, the mechanical strength was not sufficiently high so as to easily allow 
deformations when effected by external shock or when the tip portion of the contactor 
becomes suspended. 

[0008] In addition, as semiconductor integrated circuits are highly dense, the number of 
connections with the external circuits increases. Accordingly, the number of pads on the 
chips of integrated circuits increases, thereby decreasing the pitches between the pads. In 
view of the integrated circuit chips, a decrease in pad area and pitch length is relatively 
easily achieved by photolithography. However, in the conventional probe (shown in Fig. 
3), it is difficult to ensure array pitch and positional accuracy of contactors since each 
metallic wire is fixed one by one. 

[0009] The present invention addresses the above-mentioned problems associated with 
the prior art. The object of the present invention is to provide highly precise and dense 
probes. This enables easy and precise measurements of electrical properties of large-scale 
integrated circuit chips through the use of the probes. 

[MEANS TO ADDRESS THE PROBLEMS] 
[0010] In order to resolve the problems discussed above, the probe for measuring 
electrical properties is characterized by the following: 

1 . The probe comprises a cantilever that is made from at least one of single crystal silicon, 
silicon oxide, nitride silicon, polysilicon or metal layer. The probe is placed in electrical 
contact with terminals for measuring an electronic component by means of the cantilever. 

[001 1] 2. The portion, which makes the electrical contacts of the means 1 with the 
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terminals for measuring the electronic component, is in the shape of a pyramid. 

[0012] 3. A metal film is formed on the cantilever of the means 1 or 2. 

[0013] 4. The cantilever and the pyramidal portion of the means 1 or 2 are manufactured 
via an etching process. 

[0014] 5. The probe comprises a conductive cantilever, which is made from at least one of 
single crystal silicon, silicon oxide, nitride silicon, polysilicon or metal layer. 
It is provided as a measuring tip for electronic components. The probe also 
comprises an insulation substrate where the cantilever is held. The 
conductive cantilever and the input/output terminals of a measuring apparatus 
are connected by way of a wiring pattern formed on the insulation substrate. 

[0015] 6. The insulation substrate of the means 5 wherein the conductive cantilever is 

made from borosilicate based glass and is integrally bonded with the cantilever 
by an anodic bonding. 

[0016] 7. The electronic component of the means 1 or 5 is a semiconductor integrated 
circuit. 

[FUNCTION] 

[0017] In the present invention, the probe for measuring electrical properties is formed by 
processes such as photolithography and thin-film formation, which are used in 
manufacturing semiconductor integrated circuits. Thus, it is possible to integrally form a 
plurality of fine probe leads and contacts in fine pitches smaller than 100 fim. 
Furthermore, a high-accuracy positioning can be obtained compared to the conventional 
probes since the accuracy is determined by the accuracy of the mask. Also, the 
mechanical strength is excellent due to the material, while the recoverability of the contacts 
after deformation for measurement is high. 

[0018] In addition, since the tips of the contacts can be maintained on a co-plane, the pads 



5 



on the chips to be measured do not need to be pushed by additional pressure. Thus, the 
reliability of measurement can be improved. 

[0019] Further, with respect to the aspects of productivity, manufacturing the probes in 
aggregate using the semiconductor process technology has made it possible to supply 
highly productive products with reduced costs. 

[0020] 

[EMBODIMENT] (EMBODIMENT 1) Fig.l is a schematic cross-sectional view 
showing a process for manufacturing probes used for measuring electrical properties in 
accordance with a first embodiment of the present invention. 

[0021] As shown in Fig. 1(a), a thermally oxidized film (silicon oxide film) 12 is formed 
on a single crystal silicon substrate 11 with both surfaces grinded, which is 4 in. in diameter, 
280 jxm in thickness and (1 0 0) in crystal orientations. The silicon oxide film 12 is 
selectively removed by photolithography and etching processes using 5.0 weight % HF 
solution. The silicon oxide film 12 is formed on the location corresponding to those of the 
pads on the chips of integrated circuits to be measured, in accordance with the array pitches 
and number of the pads. 

[0022] The silicon substrate is isotropically etched by using the silicon oxide film 12 as a 
mask and applying a 30 weight % KOH (potassium hydroxide) solution heated to 70 °C . 
Then, a pyramidal projection 13 is formed. The height of the projection is about 20 /xm, 
thereby constituting a contactor in measuring integrated circuits. 

[0023] Once the silicon oxide film is removed away, a thermal oxidation is performed 
again to form a silicon oxide film 12. A metallic film is formed on the film by sputtering 
chrome and gold. Then, contacting electrodes and lead electrodes 14 are installed in 
patterns by photolithography and etching processes. (Fig. 1(b)) 

[0024] Thereafter, an isotropic etching is performed (in the same manner as described 
above) from the opposite side of the pyramidal protrusion of silicon substrate to form a 40 
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/xm-thick diaphragm portion 15. In addition, by performing an isotropic etching from the 
pyramidal protrusion, a through portion 16 is formed thereon and the contactor portions 17 
of each probe become independent as cantilever structures. (Fig. 1(c)) 

[0025] The cantilever structure is integrally bonded to a 0.5mm-thick borosilicate based 
glass substrate 18 by anodic bonding (350 °C, 700V), which serves as a support structure. 
A metallic wiring 19 for contacting the measuring apparatus is previously formed on the 
silicon substrate by electro-less plating. Then, a metallic film 20 is formed through mask 
sputtering to connect the lead electrodes 14 of the cantilever structure with the metal wiring 
19 on the glass. By doing so, a probe for measuring electrical properties can be obtained 
in accordance with the present invention (shown in Fig. 1(d)). 

[0026] By using such probes to measure the electrical properties of an actual 
semiconductor integrated circuit, a precise and well reproducible measurement can be 
achieved. Furthermore, since the positions in relation to the pads of integrated circuits are 
easily determined, the productivity of measuring is highly elevated. 

(Embodiment 2) 

[0027] (Embodiment 2) Fig.2 is a schematic cross-sectional view showing a process for 
manufacturing probes used for measuring electrical properties in accordance with a second 
embodiment of the present invention. 

[0028] As shown in Fig. 2(a), a thermally oxidized film (silicon oxide film) 22 is formed 
on a single crystal silicon substrate 21 with a grinded surface, which is 4 in. in diameter, 
380 /an in thickness and (1 0 0) in crystal orientations. The silicon oxide film is 
selectively removed by photolithography and etching processes using 4.0 weight % HF 
solution. The etched-away part is 10 /an x 10 /an in size and is formed on the location 
corresponding to those of the pads on the chips of integrated circuits to be measured, in 
accordance with the array pitches and number of the pads. 

[0029] The exposed parts on the substrate are isotropically etched by using the silicon 
oxide film 22 as a mask and applying a 35 weight % KOH (potassium hydroxide) solution 
heated to 70 °C . Then, a square pyramidal recessed portion 23 is formed. The pyramidal 
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portion is 14 Jim in depth. 

[0030] Thereafter, the silicon oxide film is removed by applying a HF solution in the 
same manner as described above. Then, a 1.0 jtim-thick silicon nitride film 24 is formed 
on the substrate. Subsequent photolithography and dry-etching processes form a linear 
portion, which includes the pyramidal portion so as to serve as a probe (shown in Fig. 2(b)). 

[0031] The silicon substrate is integrally bonded to a 1.0 mm-thick borosilicate based 
glass substrate 25 by anodic bonding (400 °C, 1000V), which serves as a support substrate 
(shown in Fig. 2(c)). The silicon substrate partially contains nitride silicon film patterns 
thereon. 

[0032] The silicon portion of the structure comprising the silicon substrate and glass 
substrate is etched away with a KOH solution. Thus, the remaining nitride silicon portion 
constitutes a cantilever beam structure. The nitride silicon portion acquires conductivity 
by means of chrome or nickel film sputtering and photolithography processes. Finally, a 3 
/xm-thick electro-less nickel plating completes the formation of the probes for measuring 
electrical properties (shown in Fig. 2(d)). 

[0033] By using such probes to measure electrical properties of an actual semiconductor 
integrated circuit, a precise and well reproducible measurement can be achieved, while 
enhancing the efficiency of measurement (as is in the probes according to the first 
embodiment). 

[ Technical Effects ] 

[0034] As mentioned above, according to the present invention, it is possible to easily 
manufacture a probe for measuring electrical properties having contactors of fine array 
pitches that correspond to measuring terminal portions (pads) of highly integrated 
semiconductor circuit chips. Furthermore, the probe of the present invention has excellent 
positional accuracy and planarity compared to the conventional probes for measuring. 

[0035] In addition, according to the probe of the present invention, the mechanical 
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strength and the recoverability of the contactors after deformation for measurement are high, 
while the displacement of the tips of the contactors is small. Furthermore, damages 
caused to the pads of the chips that are not to be measured can be mitigated. Hence, the 
present invention also provides the effects of enhancing reliability and yield of highly 
integrated semiconductor circuit products. 

[0036] Further, the present invention has made it possible to provide such highly 
productive probes with reduced costs. 

[BRIEF DESCRIPTION OF THE DRAWINGS] 

Fig. 1 is a cross-sectional view illustrating the manufacturing process and structure of a 
probe for measuring electrical properties according to the first embodiment of the present 
invention. 

Fig. 2 is a cross-sectional view illustrating the manufacturing process and structure of a 
probe for measuring electrical properties according to the second embodiment of the 
present invention. 

Fig. 3 illustrates the structure of the prior art probes for measuring electrical properties. 
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